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Esro 4 Gasanalyzer Data-

Introduction

The Esro 4 gas analyzer measured in-situ the number densities of Nz,
0, He, and Ar in the midaltitude thermosphere. These measurements yield
information on the absolute values and variations of composition and total
density in the upper atmosphere urder the influence of the season, the
latitude, the local time, the solar electramagnetic radiation, the
geomagnetic activity, and acoustic gravity waves. The instrument was part
of the scientific payload of the Esro 4 satellite, which was designed to
investigate the neutral ard ionised particle densities, the energv and
pitch angle distribution of auroral particles and solar particles flux
densities at the Earth's orbit.

The Esro 4 Mission

The Esro 4 satellite was launched on November 22, 1972 into a polar
orbit. All on board instrumentation operated satisfactorily until re-entry
on April 15, 1974. The injection perigee altitude was 245 xm, which
determines the lowest altitude of complete latitudinal coverage as 275 km.
Vital for the good data acquisition of the gas analyzer was the attitude
control capability of the satellite and the flawless performance of the on
board tape recorder. A rore detailed description of the satellite and its
scientific payload is given in Esro Scientific Note no. 114 by Tunalev and
Jaegchke (1972).

The Gas Analvzer

The gas analyzer employed a truely spherical antechamber to thermalize
the ambient gas before it entered an electron impact ion source. A
monopole mass spectrometer analyzed the masses of these ions, and a triple
'detector system provided sigraals with sufficient redundancy to monitor the
inflight stability of various camponents of the spectrometer. The
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masses 1 ami to 44 am were scanned by a 15 step mass programmer resulting
in ion mass spectra of 9 seconds duration. The signals associated with the
ion masses 4, 28, 32 and 40 am have been converted into ambient number

densities of helium, nitrogen, total oxygen, and argon and are written onto -

the data tape described below. A detailed description of the physical
layout of the instrument, its functioning, the calibration procedure and
the in orbit operational requirements has been given by H. Trinks and

U. von Zahn, The Esro 4 Gas Analyzer, Rev. Sci. Instrum., Vol. 46, p. 215
to 217 (1975).

Data Tape Description

The data tape generated by the Physikalische Institut, Universitdt
Bonn, at the Regionales Hochschulrechenzentrum in Bonn has the following
format and contents: |

a) Physical description

1) tape produced on an IBM 370/168, Fortran G1, unformatted write
2) standard label of IBM, only one data set

3) VOLUME-SERTAL NUMBER = ///// 11&,5 1@/015 Vot =361 = )@@'f/é

4) Data set name ESRO4.GA. EXCHANGE

{

5) Number of tracks =9

6) Density = 1600 bpi o

7) RECFM = yRs ( "(,_;;‘:‘Ic’ st i{:""";/l
8) LRECL = 56

9) BLKSIZE = 16804

10) there are 723 003 logical records in the data set




b) Contents of one logical record

WORD WORD type Description Units

(1) Integer 4 day nurber days since 1950
(2) Integer 4 time of day milliseconds (UT)
(3) Real %4 altitude ' km

(4) Real %4 geographic latitude degrees

(5) Real %4 geographic longitude degrees

(6} Real x4 local solar time hours

(7) Real x4 shell parameter earth radii

(8) Real x4 invariant latitude degrees

(9) Real 4 magnetic local time hours

(10) Real %4 number density N, cm—i

(11) Real x4 nurber density O + 2C)2 cm

(12) Real x4 nurber density Ar cm_3

(13) Real %4 nurber density He c:m”3

c) Explanatory remarks

Each logical record corresponds to one mass spectrum. 1f only part of
thg spectrum passed the reduction process, the missing nurber
densities are set at +1. '

Day Nuwber (word 1)

Day number counts the nurber of days since Jan. 1, 1930. On
Decerber 1, 1972 the day count was 8370 and on April 15, 1974, it was
8870. ;

Time of day (word 2)

Time of day ié given in milliseconds universal time (Greenwich
Meridian Time). Tt refers to the sampling time of argon within each
spectrum. It is also the time for the positional information.
Relative time differences are for the other gases in the spectrum:

mass current 28 32 - 40 4
gas (ambient) N2 total O Ar He
time difference -1.8 -1.2 +0 +2.4 seconds

approximate hori-
zontal distance ~-14.4 -9.6 £30] +19.2 km




Altitude (word 3)

Alititude is given in km and refers to the approximate geoid (ellipsoid)

surface _— - r_. ) sin® (latitude)

equator equator pole
Geographic latitude (word 4)

Geographic latitude is given in degrees., The North Pole is at +9OO,
the equator at O and the South Pole at -90° .

Geographic longitude (word 5)

Geographic longitude is given in degrees. Zero meridian is Greerwich,
and the positive direction towards the East. (London = O, Moscow ~ 38,
Tokyo ~ 140, New York ~ 286).

Local solar time (word 6)
Local solar time is given in hours from midnight.
Shell parameter (word 7)

The shell parameter is given in units of earth radii. It was supplied
on the ESOC telemetry data tape, and probably calculated from the
algorithms published by G. Kluge ard K.G. Lenhart in Camputer Physics
Communication, Volumes 3 and 4 (1972).

Invariant latitude (word 8)

Invariant latitude ¢ is given in degrees. It was calculated from the
shell parameter L to be ¢y = arc cos {1//I). (There are problems near
the equator, where I may be less than 1.)

Magnetic local time (word 9)

Magnetic local time is given in hours from midnight. It refers to
eccentric dipole coordinates and is the . difference of the eccentric
magnetic longitudes of the satellite and the sun expressed in units of
time,

Number densities (word 10 to 13)

Number densities are given in particles per cubic centimeter, The
sensitivity threchold of the gas analyzer is approximately 6 x 103 cm
for argon. Any nurber densities below this value are caused either by

undetected telemetry errors or have been set at this value during data
reduction.

3




The Reduction Process Applied to Data so far

Starting point for data reduction at the Physikalisches Institut,
University of Bonn were the digital tapes of the satellite telemetry
augmented with positional, attitude, and time information as supplied by
the European Space Operations Centre (ESOC), Darmstadt. The data reduction
process consisted of the following steps

1)  Identification of the mass spectra within the continuous telemetry
data stream

2) Time information for spectra (as opposed for telemetry)

3) Positional information for spectra

4)  Quick check for cbvious outlying telemetry data

S)  Reconstruction of the electrometer characteristics from calibration
pulses in telemetry

6) Conversion of electrometer telemetry signals into electrometer
currents

7)  Corrections of currents for changes in analyzer transmission and gain
factor changes of multiplier through intercompariscon of the triple
detector system

8) Application of laboratory calibration to yield icn source densities

9) 2Application of attitude information to convert ion source densities to

ambient densities.

No attempts have been made to correct these data for background currents,
chemical reactions, adsorption, and desorption at the walls of the ion
source.  Instead limitations in altitude (<350 km) and angle of attack
(<80°) were put on the data processed from the overall data collection.
These limitations ensure that the necessary corrections will be minor for
these data.

Data Selection Criteria for this tape

(a) altitude less than 320 km, greater than 220 km (He up to 350 km)

(b) range of electrometer current ratios for 14/28: 0.02-0.05; for 16/32
0.05-0.10

{c) the spectra are sorted chronologically; doubly received spectra are
removed .

(d) - densities clearly outside the ceophysical density range have been'
reroved, .



Pectliarities of the data set

Although the instrument was mounted in the spin axis of the satellite,
spin modulation effects can be observed in the data from an apparent offset
of approximately cne degree. Frequency, amplitude, and phase vary over the
mission as the spacecraft spin frequency decreases from ~1 Hz to 0.5 Hz.
The observed modulation is on a beat frequency between the instrument
repetition frequency (1/9 Hz) and the changing spin frequencies.

Intercamparison of the measured number densities with other mass
spectrometers (Trinks et al., Intercamparison of neutral composition
measurerents from the satellites Esro 4, Aeros-A, Aeros-B, and Atmosphere
Explorer-C, J. Geophys. Res., 82, 1261 (1977)) and with drag data indicates
that the Esro 4 helium densities are low by a factor of 2 to 3. A
correction factor of 2.5 has been applied to the Esro 4 model (von Zahn et
al., Esro 4 model of global thermospheric composition and temperatures
during times of low solar activity, Geophys. Res. Lett., 4, 33 1977) and
the same factor has already been applied to the helium data on this tape.

Fiqure legends

1)  Frequency distribution of data points in altitude.

2)  Frequency distribution of data points in time periocd from 8370
(December 1, 1972) to 8869 (Avril 14, 1974). '

3) Scatter plot of data points in altitude (vertical) and logarithm base
10 of number density (horizontal) for molecular nitrogen.

4) Same as 3 except for total oxygen.

5) Same as 3 except for argon.

6) Same as 3 except for helium.
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